Introduction: Over the past few years, the nonlinear fibre loop has been successfully introduced as the switching element, both for soliton and nonsoliton pulses in various geometries."
Probably one of the most important applications of these devices is in dual wavelength operation,"." and its relevance to ultrafast, all optical demultiplexing.'* This is especially so because operation has recently been demonstrated using all semiconductor laser driving, in association with 'long' (-km) fibre loop lengths."
The successful demonstration of dual wavelength operation of the nonlinear loop mirror device has given rise to the idea of an all optical, pulse sampling t e~h n i q u e , '~ which is conceptually similar to the original, optical Kerr gate pulsewidth measurement method. ' The principle of ~p e r a t i o n '~ can be described by considering a simple nonlinear Sagnac loop mirror (see for example Fig. l ), constructed from a coupler which has a 3 dB splitting ratio at the signal wavelength and is unbalanced at the sampling wavelength. In the absence of the sampling pulses, the loop acts simply as a Sagnac interferometer for the weak signal pulses and the transmission through the device is zero. In the presence of the sampling pulses, because different intensities of the sampling signal propagate in the clockwise and anticlockwise directions, the signal develops a phase mismatch due to the crosscoupling term. If a long signal pulse is assumed, this phase difference only occurs for a time which is equal to the duration of the sampling pulse, i.e. where they temporally overlap, assuming no group velocity mismatch effects are present. Consequently, on traversing the loop, that part of the signal with the imposed phase difference will be switched out with a duration equal to the sampling pulse. If a fixed frequency difference is introduced between the signal and sampling pulses, then the sampling pulse will strobe through the signal, switching out and sampling at a rate determined by the frequency difference. A large area detector in association with high gain, low bandwidth amplifiers can be used to detect and display a sampled image of the signal, with a temporal resolution limited only by the duration of the sampling pulse and the walkoff due to dispersion where it is considered. However, it should be possible, either through the application of dispersion flattened fibre in the loop or appropriate fibre and wavelength selection, to minimise the dispersive effects.
Experiment: A schematic diagram of the experimental arrangement is shown in Fig. 1 . The signal source was obtained initially from a GaInAsP ridge waveguide semiconductor laser, operating at 1 . 5 5 ,~" gain switched at lOOMHz to produce 250ps pulses, with an average power of 1OOflW. N o attempt was made to optimise the electronic drive characteristics to obtain shorter optical pulses or to minimise electrical ringing on the drive signals, to investigate the sensitivity of the measurement technique to the structured components so generated.
The probe (sampling) pulses were derived from a CW pumped, mode-locked N d : YAG laser, operating at 1.32pm. producing 80ps pulses at a 100MHZ repetition rate. A conventional optical fibre grating pair compressor was used to generate probe pulses of 6ps duration, allowing a maximum peak power of 160W in the nonlinear loop. Two frequency synthesisers, driven from a common oscillator were used to provide the modulation to the laser systems. This ensured highly stable fixed phase operation of the laser systems with a variable and selectable pulse repetition frequency difference
The signal and probe pulses were combined in a wavelength division multipler (WDM) and injected into the fibre loop mirror. This consisted of a 10m length of dispersion shifted, nonpolarisation preserving, singlemode fibre spliced between two ports of a fibre coupler. The minimum dispersion of the fibre was at 1.45bn-1, lying between the signal and probe pulse wavelengths, so reducing the group delay between the two pulses and minimising the pulse walkthrough which is a limitation to the temporal resolution of the technique. At 1.55pm the coupler had a coupling ratio of a = 0.5 and a = 0.08 at 1.32pm. The transmitted signals from the loop were incident on a large area (18" diameter) germanium detector and after amplification were displayed on a 20MHz bandwidth storage oscilloscope.
Results and discussion: Fig. 2 shows a low temporal resolution measurement of a typical, gain-switched, semiconductor laser pulse train using the technique described above. The pulses appear 100111s apart, consistent with the lOHz strobe frequency employed. With a greater temporal resolution, a representative sampled pulse profile is presented in Fig. 3a shows a pulse of 12Ops with considerable structure as a result of the slow light-current response characteristic of the diode and the unoptimised electrical drive circuitry. The temporal calibration of the loop output was achieved using the known pulse to pulse separation of the laser output and for higher resolution from the introduction of a known optical delay. Fig. 3h shows the pulses obtained from the laser diode operated under identical conditions, as measured on a Hamamatsu optical sampling oscilloscope 00s-01. As can be seen, the agreement between the two measurement systems is quite good.
To generate a shorter test pulse, the laser diode was gain switched at a nominal 500 MHz. The probe pulses were maintained at the original 100MHz, such that only every fifth pulse was switched out and the strobe frequency was reduced to 2Hz. showed to have a principal pulse duration of 80ps, followed by a reproducible pulse structure.
Replacing the ridge waveguide laser with a DFB laser (which exhibited a sharper light output-current characteristic) enabled shorter pulses to he produced. The DFB laser operated at 1.53,um and routinely generated 30ps pulses (see Fig.  54 . Using the loop mirror these were measured as 40ps (see Fig. 5h ). As can be seen, the noise level in the loop mirror measurement is considerably lower. From the fibre characteristics, the group delay between the pump and signal was determined to be around 5ps. This together with the probe pulse duration and any inherent temporal jitter between the laser systems contributes to the current temporal resolution of the instrument.
Conclusion:
We have directly demonstrated picosecond temporal resolution using a nonlinear loop mirror in an all optical sampling technique, measuring average power pulse trains as low as IOpW. Primarily the temporal resolution was limited by the finite duration of the sampling pulses and from the contribution of the differing group delay dispersions of the probe and signal pulses. Clearly the resolution of the instrument can be improved by minimising the velocity mismatch.
This could be achieved through the application of dispersion flat!ened fibre, possibly allowing femtosecond resolution to be achieved. Alternatively a tunable probe source straddling the dispersion minimum with the signal would permit improved temporal resolution. Fibre lengths could be shortened, although at first this would appear to infer that the power of b 1206iE. the probe pulses would need to be increased. As a guide, for complete switching a power length of approximately 1 kW m is required. However, probe pulse peak powers in this regime are not essential for operation of the device, because the technique does not demand that complete switching of the signal intensity take place within each sample window. A partial switching only is required and this still leads to a true representation of the pulse shape. This clearly reduces the demands of the power of the sampling pulses and the fibre length, but requires adequate sensitivity of the detection circuitry and would ultimately be limited by noise problems. It should also be possible to base the instrument on a gain switched semiconductor laser driven probe signal, permitting picosecond resolution.
MULTICHANNEL ASK SYSTEM DESIGN INFLUENCED BY SIGNIFICANT LASER PHASE NOISE
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Results from an improved bit-error-rate analysis appropriate to heterodyne ASK receivers influenced by an interfering optical channel are reported. The analysis takes into account the effects of receiver noise and phase noise. The leading order influence of phase noise in the signal of an interfering channel is now accounted for in an exact way. The results indicate a somewhat larger phase noise influence from the signal in the interfering channel than is predicted from a stationary phase evaluation of that contribution. For no phase noise in the two channels a required electrical channel separation of three times the bit rate for 1 dB penalty due to crosstalk is found. The separation increases to 11.3 times the bit rate for an IF linewidth of 0.27 times the bit rate for the received channel and a linewidth of 0.54 for the interfering channel.
Introduction: With the development of convenient, wideband, low-noise, diode-pumped fibre amplifiers' the advantage of increased receiver sensitivity often claimed for coherent optical detection is severely challenged. However, the selectivity between channels closely spaced in frequency remains, ELECTRONICS LETTERS 12th September 1991 Vol. 27 No. 19 
